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REMARKS 

The following amendment amends the specification by providing a substitute 
specification excluding the claims in accordance with 37 C.F.R, § 1 .125. A substitute 
specification excluding the claims is submitted herewith in clean form in accordance with 37 
C.F.R. § 1 .125(c). Applicant submits that no new matter is involved. Applicant provides 
herev^th a marked-up version of the substitute specification showing all changes to the 
specification of record. Furthermore, the paragraphs of the substitute specification in clean form 
have been numbered in accordance with 37 C.F.R. § 1.125(c). Now in the application are 
Claims 76-147 of which Claim 1 is independent. The following comments address all stated 
groimds for rejection, and place the presently pending claims, as identified above, in condition 
for allowance. 

Objection to Specification 

To address the Examiner's objection to the specification for improper arrangement of the 
specification, Applicant submits herewith a substitute specification to place the arrangement of 
the specification in compliance with 37 C.F.R. § 1, 77(b). Applicant respectfiiUy requests the 
Examiner to reconsider and withdraw the objection to the specification under 37 C.F.R. § 
1.77(b), 

Claim Rejections under 35 U.S.C. S 101 

Claims 76-147 stand rejected under 35 U.S.C. § 101 as the Examiner alleges the claimed 
invention is inoperative and therefore lacks utility. Applicant respectfiiUy traverses this rejecfion 
and contends that Claims 76-147 recite operative subject matter that define an apparatus having 
specific and substantial utility. 

It appears that the Examiner's concern with the claimed subject matter is that Applicant's 
claimed invention does not operate because it further refines our understanding of current 
physics and is reminiscent of the discovery of quarks in the 1960's. Enclosed in Appendix A is a 
first paper written by the Applicant entitled "Evidence for a New Force in Halo Nuclei", which 
deals with the physical evidence supporting Applicant's invention and referred to hereafter as the 
"Experimental Paper". Attached in Appendix B is a second paper authored by the Applicant 
entitled "Theoretical Prediction of the New Force", which is referred to hereinafter as the 
"Theoretical Paper". Applicant is in the process of submitting each attached paper for 
publication at some point in the fiiture. 
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Applicant's basis for the subject matter recited in Claims 76-147 is that there exists a 
further force of nature which the Applicant has labeled the "Order Force", because Applicant 
originally detected it via its ability to create order in matter. As with most physical forces, the 
Order Force has a variety of physical manifestations and the one considered in the experimental 
paper is the context of Halo Nuclei. 

In examining a model of a nucleus that includes nucleons (protons and neutrons), 
confined within a very small space, the nucleons are held in place by a strong nuclear interaction, 
which at the distances involved, is sufficient to overwhelm electromagnetic repulsion between 
protons. One characteristic of such nuclei is that the collective wave function of nucleons drops 
abruptly at the nucleus surface. Hence, there is a defined "inside" and "outside" for the nucleus. 

Halo Nuclei differ. That is. Halo Nuclei are characterized by a much more gradual 
reduction in the wave function which continues well beyond the dimensions of a standard 
nucleus. There is a distinct probability of locating a nucleon well outside the confines of a 
standard nucleus. Existing explanations for Halo Nuclei concentrate on their being a side effect 
of the "internal" nucleons which gives rise to a distinct probability of there being located outside 
the nuclear radius. Phenomena such as scattering and tunneling are often used to provide 
explanations. 

Applicant's experimental paper proposes a different model. Under the standard BOHR 
model of the atom in which the electrons are in orbit around the nucleus, Applicant contends that 
an "additional" nucleon which is present in a Halo Nucleus as compared to the nearest non-Halo 
Nucleus is in fact in a distinct orbital around the nucleus. As proof of his contention, Applicant 
solves the Schrodinger equation for both neutron and proton Halo Nuclei, including as terms in 
the equation both the known forces operable at the distances together with a new force expressed 
by its coupling constant A^. From the energy levels predicted by this approach, Applicant 
calculates the values of the coupling constant for the various examples of Halo Nuclei given in 
Applicant's experimental paper. From the energy levels predicted by this approach. Applicant 
calculates the values of the coupling constant for the various examples of Halo Nuclei given in 
the experimental paper. Applicant's results, beginning on page 6 of the experimental paper, 
offer a startling find that the values of Xc match to within a close range, i.e. 0.043 ± .005. The 
matching of this calculated value across a number of Halo Nuclei suggests that the same force is 
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indeed at work. Applicant's experimental paper therefore provides sufficient evidence that Halo 
Nuclei are a manifestation of a further force in nature, and, in turn, a credible assertion of 
specific and substantial utility for Applicant's claimed invention. 

Turning now to Applicant's theoretical paper, this paper starts from a concept of a twelve 
dimensional string theory and derives from that the possibility of a force having the same 
characteristics as the Order Force described in the instant application and having similar 
magnitude to the force evidenced in Applicant's experimental paper. 

Applicant notes that both the experimental paper and the theoretical paper start from 
accepted scientific theories and derive in evidential and theoretical basis for the force described 
in the instant application. Accordingly, Applicant contends that the present invention is 
therefore within the bounds of current science and is useful for a nxmiber of practical purposes 
including: a) use as an enabling technology; b) a source of force; and c) use in designing 
improved particle physics apparatuses. The claimed apparatus is capable of collecting order 
charge. Applicant contends that there is a close analogy to the operation and function of the 
claimed apparatus to the separation of electromagnetic charge. Thus, once separated, order 
charge can create a battery akin to a voltaic cell. Applicant notes that the voltaic cell led to 
developments in electricity and magnetism that we now use on a day to day basis. Applicant 
further contends that the claimed apparatus is also a source of force; like order charges will repel 
at a force six times the electromagnetic force. Thus, any current requirement for a force to be 
exerted could be replaced with suitable arrangements of order charge. In the same way, this 
attraction and repulsion could be used in particle physics to create an improved accelerator. 

Accordingly, Applicant contends that the claimed subject matter recites an apparatus 
having specific and substantial utility. As such, Applicant respectfully requests the Examiner to 
reconsider and withdraw the rejection of Claims 76-147 under 35 U.S.C. § 101. 

Claim Rejections under 35 U.S.C, 8 112 

Claims 76-147 stand rejected under 35 U.S.C. § 1 12, first paragraph. Specifically, the 
Examiner alleges that one skilled in the art would not know how to use Applicant's claimed 
invention. Applicant respectfully disagrees. 
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As discussed above in relation to the rejection of Claims 76-147 under 35 U.S.C. § 101, 
Applicant explicitly identifies a specific and substantial utility for the claimed invention. That is, 
the claimed apparatus is well suited for separating order charge fi-om a source of order charge 
and the separated order charge is usefiil for creating a battery akin to a voltaic cell as a source of 
force, or useful in designing improved particle physics apparatuses. Moreover, Applicant 
includes in Appendix A and Appendix B copies of papers offered by Applicant to provide 
evidence that one of ordinary skill in the art would have recognized that the identified specific 
and substantial utility of the claimed invention was well established at the time of filing. 
Furthermore, Applicant contends that the evidence of specific and substantial utility provided by 
the papers in Appendix A and Appendix B support the subject matter described and claimed in 
Applicant's instant application. Accordingly, the Applicant requests the Examiner to reconsider 
and withdraw the rejection of Claims 76-147 under 35 U.S.C. § 1 12. 

CONCLUSION 

In view of the remarks set forth above. Applicants contend that Claims 76-147 presently 
pending in this application, are patentable, and in condition for allowance. If the Examiner 
deems there are any remaining issues, we invite the Examiner to call the undersigned at (617) 
227-7400. 

Respectfully submitted, 
LAHIVE & COCKFIELD, LLP 



David R. Bums 
Attorney for Applicant 
Reg. No. 46,590 

28 State Street 
Boston, MA 02109 
Tel. (617) 227-7400 

Date: October 29. 2003 
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ORDER CHARGE SEPARATION AND ORDER-CHARGE TYPE SEPARATION 

Related Applications 

The current application claims priority from the following International Patent 
Application filed purs uant to Patent Cooperation Treaty (TCT^ on August 26. 1998. 
designatin g the United States. The International Patent Application is assigned 
Intemation al Application Number. PCT/GB98/Q2562 and names all the same 
inyentors a s this application: 09/486,403 ORDER CHARGE SEPARATION AND 
ORDER-CHARGE TYPE S EPARATION. The Intemational Patent Application was 
published in English o n March 4. 1999, and assigned Intemational Publication 
Number: WO 99/10895. 



Technical Field of the Invention 

This invention relates to the charges of the Ordering Force, to separating 
and/or concentrating and/or purifying these charges, either collectively and/or 
individually, and to all the technologies which can subsequently be developed to use 
these order charges. 

Background of the Invention 

There are two parts to scientific research, there is research and there is 
experience. That is to say, there is academic research, and there is an approach where 
you know that you have got the right answer because you get the result you sought. 
The latter is a more practical, more pragmatic, perhaps less intellectual, perhaps more 
intuitive approach where by processes of pure invention and continuous experiment, 
things can be achieved that cannot be achieved by the more rational academic 
approach. 

The academic approach is well known. It involves theory and experiment. It 
involves making hypotheses and testing them. Sometimes, in this way, discoveries 
are made. But sometimes they are not, or at least they are rejected. Einstein once said 
that theory tells you what you can think. Therefore, if something is contrary to the 
theory, your mind may be tempted to reject it. There are well known examples of this 
in physics. Parity violation was first observed in 1928, but it was rejected as an 
aberrant experimental effect because the theory of that time said that parity violation 
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was impossible. Then T D Lee and Yang suggested that parity violation might be 
possible and Mme Wu rediscovered parity violation a few months later in 1956. It 
was she who won the Nobel prize, not those experimenters in 1928. Other examples 
can be easily found. Indirect evidence for the 3°K blackbody radiation was first 
found by E. McKellar in 1941. Independently, T.A. Shmaonov observed the 
blackbody radiation directly and published the result in his thesis in 1957. However, 
neither of these researchers won the Nobel prize because they could not explain what 
they had observed. Finally Penzias and Wilson observed it again for the third time 
and then had the good luck to bump into Dicke at Princeton, who explained that this 
was the after glow of the big bang, the relic radiation from Gamow's hot theory of the 
creation of the Universe. As a result, Gamow's theory was proven and Penzias and 
Wilson later won the Nobel prize. 

My research has led me, over a forty year period, to conclude that there is a 
third long-range force in Nature, in addition to electromagnetism and gravitation, and 
I have found extensive evidence for this hidden away in the scientific literature. To 
my knowledge, few people or nobody expect this force to exist. My research shows 
that it creates order, that it reverses the second law of thermodynamics in animate and 
inanimate matter. So I call this force the "Ordering Force". 

Summary of the Tnventinn 

The illustrative embodi ment of the present invention provides an apparatus for 
producing order charge- 
In one aspect of the pr esent invention, an order charge separation apparatus is 
disclosed. The order charge sepa ration apparatus includes, in series, a source of order 
charge, means for sel ection on the basis of order charge, and a collection means for 
order charge. The order charge ou tput svstem including the collection means, thereby 
can effectuate order-charge type se paration. The order charge separation apparatus 
can fiirther include a plurality of s election means operating as a cascade. The selection 
means is adaptable to operate in a manner other than bv the ordering charge and the 
selection means can be based upon the order charge. Further, the selection means can 
include a high resolution mass spectrometer. 

The order cha rge separation apparatus can further include a number of 
additional features incl uding least one of ionization equipment, output interfaces. 
vacuum systems, optics, slits, baffle s, and supporting equipment, arranged to assist in 
at least one of separate order charg ed matter from order-neutral matter, separate one 
order-charge type from another, and purify one order-charge type fi-om another, until 
one or more order charge types have been separated fi-om each other and purified. 
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In one aspect of the pre sent invention, the source of the order charge 
separation apparatus includes a sou rce of ionizing radiation. In another aspect of the 
present invention, the source of th e order charge separation apparatus includes an 
alpha emitter. In a further aspe ct of the present invention, the source of the order 
charge separation apparatus includes a form of matter, at least nart of which carries 
the orde r charge. The matter is helium from a reactor. 

In still a further aspect o f the present invention, the source of the order charg e 
separation apparatus includes a radiation-emitting device which produces order- 
charged matter so as to produce a s upplv of order charged matter, the order char ppH 
matter being supplied to the order- c harge separation annaratus as its source of order- 
charged matter. The radiation-e mitting device can include a nuclear reactor or 
accelerator. 

In a further aspect of the p resent invention, the soiu^ce of the order charge 
separation apparatus includes on e of a radioactive halo, rock, crv.stal. and other 
material which contain s order charge. Yet still, the source of the order charp e 
separation apparatus includes one of a particle accelerator, nuclear accelerator, heavv 
ion accelerator, storage ring, and col liding beam machine, which bv processes of 
particle interactions causes nuclei t o fragment into fragments, at least some of which 
are order-charged. In one aspect of t h e present invention, the fragments nroduced are 
subjected to one or more of means for mass selection, momentum selection, direction 
selection, cooling, deceleration, acce leration, focusing into a beam, and ionization, hi 
another aspect of the present inventi on, the fragments are subjected to at least one of 
means for passing the fragments thro ugh an innut interface, ionizing the fragments 
converting the fragments into a bea m, focusing the fragments, concentrating the 
fragments, deflecting the fragments, d e celerating the fragments, and acceleratinp the 
fragments. 

In one aspect of the prese nt invention, the source of order charge of the order 
charge separation apparatus includes free order charge which has subseg uentlv been 
attached to matter. The free order charge is attachable bv exposure to sunlip ht 

In another aspect of the pre sent invention, the source of order charge of the 
order charge separation apparams g enerates radiation that is subjected to at lea.st one 
of means for passing the radiation t hrough an input interface, separating the radiation. 
collecting the radiation, concentrati ng the radiation, and ionizing the radiation. The 
radiation is focusahle i nto a beam which is subjected to at least one of means for 
concentrating the beam, deflecting th e beam, decelerating the beam, degrading the 
beam, and accelerating the beam. 

In a further a spect of the present invention, the order-charged matter is 
subjected to at least one of means f o r passing the matter through an input interface. 
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ionizine the matter, and wherein the m atter is focused into a beam which is subjected 
to at least one of means for concent r ating the beam, deflecting the beam, decelerating 
the beam, and accelerating the bea m . In another aspect of the present invention, the 
order-charged matters are subiectabl e to at least one of means for passing the matter 
through an input interface, ionizin g the matter, converting the matter into a beam. 
focusing the matter, concentrating t he matter, deflecting the matter, decelerating the 
matter, and accelerating the matter- 
In another aspect of the present invention, the order charge separation 
apparattis further includes a plurali ty of sources or order charge arranged for nsp 
individually and for use simultaneou s ly. The order charge sep a ration apparatus can 
further include mea ns for switching from one source to another. 

In one aspect of the present invention, the order charge separation apparattis 
further includes preparation means fo r preparing at least nartiallv order-charp ed 
matter prior to intt-oduction to the c ollection means. In one aspect of the nresent 
invention, the at least nartiallv or der-charged matter is introduced into one of the 
means for selection and the collection m eans of the order charge separation ap paratus 

In another aspect of the present invention, the order charge separation 
apparatus further includes means for passing at least partially order-charged matter 
through a separator so as to separat e order-charged from order-neutt-al states. In a 
further aspect of the present inventio n, the separator of the apparattis includes at least 
one of a mass spectrometer, a mass s p ectrometer-tvpe apparattis. an acceleratnr-fyp p 
mass-specttometer, an accelerator, a cyclotron, a cyclotron -tvpe device, a storap e 
rins, a Penning ttap. and a Smith-t ype spectrometer. The separator can achieve 
separation of different mass states corre.snonding to different order-charge states bv 
one or more of electric fields, magneti c fields, time-of-flight. and slits. Further, the 
separator can be based upon range, so t h at a predetermined amount of matter is used 
to separate order-charge or order-char p ed states respectively at the expense of order- 
neutral states. In another aspect of t he present invention, the separator is a 
combination of range and a mass s pecttometer so that partial separation is brought 
about by range, and partial separatio n is brought about bv the mass spectrometer. In a 
fiuther aspect of the present inventi on, the separator is a tvne of spectrometer with 
one of an electric and magnetic fiel d together with one of a velocity detector, velocity 
selector, time-of-flight device and e n ergy loss device, which can separate different 
mass states. Further, the separator c an be bassed on a tvne of process which is one of 
mass sensitive, sensitive to nuclear magnetic moments, otherwise sensitive to order 
charge. Moreover, the separator can i nclude one of a spectt-ometer. diffraction 
resonance process, kinematic process, r a nge, diffusion, and chemical reaction, which 
can be used to separate order-charged m a tter fi-om order-neutral matter. In one a.sp er.t 
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of the present invention, the thickn ess of material traversed is sufficient to at lea^t 
partially separate o rder-charge from order-neutral states. 

In another aspect of the present inventio n, the sep ara tor is an order-charp p 
separator having an active element, th e active element being order-charge or an order- 
charge field, so that order-charge states passing thr o ugh the sep a rator are deflected hy 
the order-charge or order field, respect i vely, whilst order-neutral states remain 
undeflected. 

In a fiu-ther aspect of the p resent invention, the order charge sep aration 
apparatus further includes a range att e nuation element formed as part of an inp ut 
interface to reduce the energy of the inp u t particles either to no more than those that 
match a mass spectrometer, as part of an input interface which snbseouentlv p rorfiss^s 
the order-charged states by one of acc e leration and focusing so as to match inp ut 
energy and phase space of the mass spectrometer a n d maximize the flux therethrniip h 

In a flirther aspect of the present invention, the order charge separation 
apparatus further includes at least one o f a restriction, limitation, cut, slit aperture. 
barrier and optics to separate order-cha r ge states from order-neutral states. In annthf^r 
aspect of the present invention, the order c h arge separation apparatus fiirther includes 
means for adjusting one of the restricti on, limitation, cut, slit aperture, barrier and 
optics. 

In a further aspect of th e present invention, the order charge separation 
apparatus further includes first means fo r separating the order charge based on range 
and a second means for separating the o r der-charge. In another aspect of the present 
invention the range separation is used a s at least part of an innut interface to a 
subsequent order-charge separation. 

In another aspect of the pr esent invention, the order charge sep aration 
apparatus further includes a triggerahle device actuatable to .sep ar ate a small group of 
order charged particles or states fi-om ord e r-neutral states. In one asp e ct of the present 
invention the triggerahle device includ e s at least one of a mobile shutter, a pulsed 
field, an electric field, a magnetic field a kicker magnet, a mechanical intervention 
device, an electronic device, an order-c h arged device, a time-of-flight system, a p ulse 
height technique and an energy loss system. 

In one aspect of the present i nvention, the order charge separation ap paratus 
further includes means for concentrati n g the order charge bv .selecting those states 
which carry the order charge. In a further aspect of the present invention, the order 
charge separation apparatus fiirther incl u des selection means for selecting order- 
charged matter on the basis of at least one of energy and directional p roperties a^ 
compared to those of order neutral matte r . In another aspect of the present invention 
the order separation apparatus fiirther inc ludes selection means for selecting order- 
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charged fragments from one o f a radioactive source and nuclear collisions on the basis 
of at least one of dir ection, velocity, momentum and particle-tvpe differences. 

In one aspect of the pres ent invention, the order charge separation apparatus 
further includes an output interfa ce leading to the collection means. In another aspect 
of the present inven tion, the order charge separation apparatus further includes a 
stopping device incl uded in one of an output interface and the collection means. In a 
further aspect of the present invention, the order charge outputted by the source is in 
at least partial vacuu m and is movable. In one aspect of the present invention, the 
stopping device is on e of a Faraday cup, metal plate, solid material, liquid material. 
and gaseous materia l, constructed for stopping order-charged materials. In another 
aspect of the present invention, t he stopping device absorbs order-charged materials 
for subsequent extraction. In a f urther aspect of the present invention, the stopp ing 
device comprises m aterial which is removable after time spent absorbing order- 
charged material. The material includes a metal plate. 

In still a further aspect of the present invention, the stopping device includes 
extractable fluid. In one aspect of the present invention, the order charge separation 
apparatus further inc ludes means for circulating the fluid to facilitate extraction. In 
another aspect of the present invention, the stopping device is movable, and is 
arranged to first move to a sep arate area in a vacuum chamber where at least part of 
the stopping device i s constructed to re-emit order charged matter. In one aspect of 
the present invention , the stopping device is a decelerating device, which enables the 
output from the separ ator to be collected. In one aspect of the present invention, the 
stopping device inclu des at least one of electric and electromag netic field ^pn^ratinn 
means. 

In a further aspect of the present invention, the order charge separation 
apparatus further in cludes means for causing the stopping device to re-emit order 
charged matter, there by to enable collection. In one aspect of the present invention. 
the re-emission is caused by heating. 

In one aspect of the pres ent invention, the order charge separation apparatus 
further includes an ou tput system which provides one of an order-charge source, and 
an order-charge beam, which can be used as a beam of order charge. In one aspect of 
the present invention, the output sys tem is in the form of an external beam arranged to 
pass through a windo w thereby to allow the order-charged matter to exit the system. 
In a further aspect of t he present invention, the order charge separation apparatus 
further includes detec tion means associated with the output in order to facilitate at 
least one of measure ment of the mass spectrum of the matter, determination of regions 
where ordered-charge d states occur, adjustment of the system, operation of the system 
to select a state that carries a requi red order charge, separation of order-charged states 
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from order-neutral states, adjustment of the .v.te^ »p tin„>.e onfnnt .nH 
of performance 

In one aspect of the present invention the order ch.rp e s.p. ,at.on ;,np .r.t,.. 
further mcludes means operating on the sen.r.t.H ».H e r charge for p .n....»^ 

field, and means employinp the order field to fi.rfh.r separate nrHer..h....^ ...... 

from order-neutral states. Tn another aspect of the p r...nt invention th. .r^.. .u..^. 
separation apparatus further inclndes means np er^tinp on the sen.r.t.H .u..^. 
for generatmp an order field and means emp lnvinp the order field tn fi.^^.. 
order-charged states of different natiir^g 

In one aspect of the present invention previously sep a rated order rh^rp e ic 
shaped and used as a deflecting mechanism in .n o rder charoe sp p.tr^»,.t.. 
another aspect of the present invention, nrevionslv .. p arated order .h.rp . .u.^... 
and combmed with at least one of electric and n,.an.ti. fields to .ssist in th. 
for selection. In a fiirther aspect of the present in..entio n. the an,nnnt of p..,.^....^. 

separated order charge is less than statistically rer, nir.d to achieve h.l.n.. K.t,„^^„ 
order cha rges of different natures 

In one aspect of the p rese nt inv ention the se parated order rh.rae is recycled .t 
least once pnor to output to selertivelv renel lilce-n.t.,rM charges therehy t. ..p.....^ 
one order charpe nature from another In another asp ect of the nresent inv.nti.. .u. 
s eparated order charge is recycled more than onne Tn . fa nher aspect of th» 
invention, previously separated order charge is em p loyed to sele.tiye lv renel like 
natured order charge from a sample thereby to .How .oi .ection of an nnlil^e n.tn..H 
order charge. In one aspect of the present invention mnltj ^ie natnres of orH.. .u..^,. 
are arranged to selectively repel respective naP.res of incoming he.m th^^^K^ 
separate that beam into each of its constituent natures 



Brief Descrintion of the Drawinps 

Embodiments of the p rese nt i nvention w ill n ow he desrriheH with reference to 
and/or as illustrated in the a c comoanvinp fi gures, in which; 

Figure 1 is a schematic illustration of an orHe , charge sep .r.tion .pp...... 

smtable for practicing the illustrative embodiment o f the p resent in.,.nt.»„. 

Figure 2 is a schematic illustration of an orHg r charge sep.r.tion opp...,tir 
suitable for practicing the illustrative embodiment of th. p resent invention tK.t 
includes a source of heavy n uclei emittinp a lpha particles- 
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Figure 3 is a schematic illustration depicting the principle of operation of a 
Smith-type spectro meter in accordance with the illustrative embodiment of the present 
invention: 

Figure 4 is a schemati c illustration of a near-svandard mass spectrometer 
suitable for practicing the illustrative embodiment of the present invention; 

Figure 5 is a schematic illustration of an order-charge spectrometer, or 
secondary spectrome ter suitable for practicing the illustrative embodiment of the 
present invention: 

Figure 6 is a schematic illustration an order charge separation apparatus. 
including individual charges, suit able for practicing the illustrative embodiment of the 
present invention. 

Detailed Descrip tion 

The Ordering Force has peculiar properties. It has multiple charges M and it 
has multiple vector bosons N. It is a non-Abelian force so that the vector bosons, 
^yhich for convenience may be called "Orderons", carry the order charge. As a result, 
the orderons are self-interacting. The orderons appear to be massiess and so the force 
obeys an inverse-square lav^ and is long-range. Therefore, the self-interacting 
orderons can form extensive networks. 

The strength of the Ordering Force is about 6 times that of electromagnetism, 
depending on the energy, so that it is intermediate in strength between 
electromagnetism and the strong interaction. Present scientific technology cannot 
detect the order charge, nor can it detect orderons in the environment. Therefore, 
science is completely oblivious to the effects of this force. Nevertheless, its effects 
exist and sometimes these show up in scientific experiments, where they tend to 
remain as unexplained phenomena which are ignored. One of these strange effects is 
that the Ordering Force can transmute elements in both animate and inanimate matter. 
There are in fact hundreds of experiments which show this, yet they are little known, 
and either dismissed or ignored. 

The way in which the Ordering Force can transmute elements is of interest, 
because it is unusual. There is evidence that it can transmute elements without 
producing any radioactive secondaries. In order to understand this, it is necessary to 
understand how it interacts with matter. 

The Ordering Force does not interact with electrons, at least not directly, 
because it is not an electromagnetic force. Furthermore, it either does not interact 
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with most nuclei which are order-neutral, or if it does interact with them, it does so 
indirectly. There are reasons to believe that most nuclei (on the earth) are "order- 
neutral", that they are not charged with the order charge. As a result, the orderons 
cannot interact with them directly. However, there may be order charge within nuclei 
in which case they could interact with it by means of "order van der Waals forces", 
i.e. by distorting the order charge and then interacting with the dipole, quadrupole or 
higher moment. It would appear that the orderons can form networks around nuclei in 
order to so distort them and then interact with them. However, such order van der 
Waals forces would in the main fall off rapidly with distance (normal van der Waals 
forces decrease as l/r'7), and so they could well be quite weak, which is why their 
effects are not usually noticed. 

The view that we have then, is that there is a third long-range force which 
currently cannot be detected directly and so is unknown to science. Most matter is 
neutral with respect to this force and interacts with it weakly or not at all, even though 
in principle it is stronger than electromagnetism. The experimental evidence is that 
this force can create order (i.e. reverse the second law of thermodynamics) and 
transmute elements without producing any significant amounts of radiation. It would 
appear that both these properties are related to the tendency of this force to produce 
extended networks of relatively strongly interacting orderons. 

There is evidence that the orderons become distributed throughout matter and 
then interact sufficiently strongly with it that they cannot separate from it so that the 
orderon network cannot collapse. It appears that there is a dynamical balance 
between the orderon network and its interactions with the surrounding matter. It is 
this tension between the two which enables the network to continue to exist and which 
enables it to act upon matter to create macroscopic ordered patterns. 

The information presented here concerning the Ordering Force simply has to 
be taken at face value. The actual experimental facts which support its existence, 
which determine its properties, and the relationship of this discovery to known 
physics, is to be published elsewhere. It is more of academic interest and does not in 
anyway change the picture presented above, although the names used could be 
different. For the purposes of identification, experiment shows that the number of 
charges M of the Ordering Force is not 1, nor 2, nor 4, nor 8, but appears to be 3. 
There would presumably be the same number of anti-charges. The order-neutral state 
would thus require three different order charges, or an order charge and its anti- 
charge. 

The Ordering Force, as a new force, has many potential uses. Some of these, 
perhaps many of them, would require, or benefit from, die separation of the order 
charges so that they subsequently may be controlled, processed, manipulated and so 
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on in a wide range of possible technologies based upon this new force and related 
effects. 

Order charges exist in Nature. They exist in at least two forms: either attached 
to matter or as orderons. When order charges are attached to matter, then in certain 
circumstances it would be possible to separate the order-charged matter from the 
order-neutral matter. The order-charged matter could then be collected, manipulated 
and processed in ways in which to use the order charges attached to that matter. All 
kinds of devices based upon these order charges could then be created from order- 
charged matter. The order charges could even be moved to other types of matter to 
facilitate its manipulation to create new types of materials and/or devices. 

In order to produce order charges, one needs a source. Order charges are 
produced in several ways with various degrees of impurity or purity. These charges 
may be used directly or further separated and purified. One process would be to 
separate the order-neutral matter from the order-charged matter. This could be done 
by an order-charge separator. The separated order charge could then be collected 
prior to use, or in certain circumstances, used directly. 

Several examples will be given because the apparatus may take different 
forms. As order charge is separated and/or purified, it becomes possible to develop 
fiirther devices and/or separators, and so examples of these will also be given. 

An example of the apparatus and processes may be given in parts, firstly for 
the source, secondly for the separator, and thirdly for the collector. We will then 
show how these combine to produce a system. In addition there may need to be 
interfaces between the source and separator, and/or between the separator and the 
collector, and/or output system. The apparatus is shown schematically in figure 1. 

A, There are various types of source of order charge. Order charge can be 
produced in nuclear processes but only under certain circumstances. The alpha decay 
of certain nuclei can produce order-charged alpha particles. Order charges may also 
be attached to neutrons, protons or pions emitted by nuclei. Order charges exist inside 
nuclei, and under certain circumstances are emitted naturally, or they can be 
deliberately forced out of a nucleus. If a radioactive nucleus is order-neutral, then it 
may still emit an order-charged secondary hadron, at least some of the time. 
Alternatively, a nucleus can be forced to emit order-charged fragments by suitable 
processes, such as for example the collision of two nuclei in or as a consequence of a 
suitable accelerator device, or the collision of a particle with another hadron or 
nucleus, at suitable energies, usually above the threshold suitable to produce 
fragments some of which may be order-charged, typically being several tens of MeV 
per atomic mass unit or more. 

More specific examples of these types of source are as follows: 
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1 . A radioactive material which emits alpha-particles will produce some 
order-charged alpha-particles. This appears to be particularly the case for heavier 
nuclei, but any nucleus which emits order-charged alphas will do. 

2. Certain rocks and crystalline materials contain radioactive inclusions, 
some of which can produce radioactive halos. These inclusions can produce alpha- ' 
particles or other radiation which carries the order charge. Such rocks and/or crystals 
could be processed, for example by cutting, and/or drilling, and/or pulverising, and/or 
grmdmg, and/or by some other method(s), and/or some combination of these, to 
extract the order-charged matter, for example by selecting order-rich regions' 

3. A radioactive substance which emits some other kind of radiation, 
some of which may be order-charged. 

4. A nuclear reactor produces alpha particles, some of which will carry 
the order charge. Some of the neutrons from a reactor may carry the order charge, as 
may some of the other particles from a reactor. 

5. If a beam of nuclei is collided with target nuclei, or if a beam of 
elementary particles is collided with target nuclei, some of the fragments may be 
order-charged. Such interactions could be brought about with particle, nuclear, and/or 
heavy ion accelerator technology, and/or colliding beam technology. The fragments 
produced may or may not be mass and/or momentum and/or direction selected, and/or 
focused into a beam of fragments. Heavier nuclei may produce more order-charged 
fragments, but any nuclei which produce some order-charged fragments will do. 

6. The sun is a source of order charge. The low fluxes of protons and 
alpha particles, and other particles, which come from the sun, are potential sources of •, 
order-charged matter. 

7. The sun emits large numbers of orderons, which carry order charge, 
probably in the form of order-antiorder charge. However, orderons appear to be 
massless and seem only to couple weakly to order-neutral matter, probably by order 
van der Waals forces. Nevertheless, matter that has been exposed to sunlight could 
contain order charge and could be used as a source if then processed suitably. 

One or more of these sources of order-charged matter are then the source. 

B. Secondly, there are various types of separator. Separators work on 
various principles which divide into two main classes. There are those which separate 
the order charges indirectly as a result of the changes they produce in the matter to 
which they are attached, and there are those which specifically act upon the order 
charge itself, for example via order-charge fields. The former are referred to below as 
"type-0 separators" or "type-0 spectrometers", or sometimes as primary separators. 
The latter, however may be considered to be secondary separators, because they 
require the existence of order charges and/or order fields to act upon the order charges 
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to be separated. In other words, they will probably only be developed after order 
charges have been separated, probably by some other means, and/or order fields 
necessary for their fiinction have been created. The latter are referred to below as 
"type-1, or "type-2/3, or "pure type-n (n = 1, 2, or 3), spectrometers". 

Primary separators act upon the matter associated with the order charge and 
separate it from matter that is order neutral. Examples of methods for doing this are 
as follows: 

1 . An order-charged alpha particle or other order-charged matter will 
have a slightly different mass than that of the same order-neutral state of matter. Thus 
any device which separates matter into its different mass states could be used for the 
separation stage to separate order charges. For example, an order-charged alpha 
particle would have a mass approximately 0.1% to 1% different from an order-neutral 
alpha particle. A mass spectrometer could be used to separate these mass states, and 
the order-charged matter could then be collected. 

2. There are numerous processes which are mass-sensitive or may 
otherwise be sensitive to order charge, such as various types of spectrometer, 
diffraction, resonance processes, kinematic processes, time of flight, range, diffusion, 
and even certain chemical reactions, which could be used to separate order-charged 
matter from order-neutral matter. Spectrometers with an electric and/or magnetic 
field together with some kind of velocity detector/selector and/or time-of-flight device 
can separate different mass states. 

3. Order charge probably changes other properties of matter. For 
example it may well alter nuclear magnetic moments, which could be selected by a 
resonance or other process. 

4. Furthermore, order-charged matter may have different energy and/or 
directional properties at the source, and these could be selected upon to enhance the 
concentration of order-charged matter. This is particularly the case for order-charged 
fragments produced in nuclear collisions, but it might also apply to certain radioactive 
sources. By selecting upon those states which carry the order charge it might be more 
easily concentrated in certain circumstances. Furthermore, this selection at source 
could be combined with a suitable separator. 

Secondary separators require the creation of order-charge fields, which then 
act directly on the order-charged states and deflect them so that they are separated 
and/or concentrated. Secondary separators are so called because, although they may 
later prove to be the most effective, they cannot be constructed until some way has 
been found of isolating order charge and/or creating order/charge fields, for example 
by first separating order charge with a primary separator. Once order charge can be 
concentrated, it would become possible to create a simple order-charge spectrometer. 
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For example, a concentration of order-charge would deflect other order-charged 
states, but not order-neutral states. 

C. Thirdly, there are various possible types of output system and/or 
collector. The basic idea is that the system can either be run to supply order charge, 
for example to where it is directly required, or the order charge can be collected for 
subsequent distribution or use or application. The system could be built to act just as 
a source, or with a collector, or with both, which could be run altematively, or even at 
the same time. 

If the order charge is to be collected, then the type of collector depends upon 
the form of the order-charged matter, the type of separator used, and how much order 
charge one wishes to collect. The potential problem is that orderons can carry the 
order charge. Therefore, if too much order charge is accumulated in one place so as 
to create too high an order-charge potential, then it could simply be radiated away. In 
particular, the shape of gradient of order charge may be significant in determining the 
order field, so that by suitable control of the shape, the order field gradient can be 
limited and the risk and/or flux of discharge minimized. If too high an order charge 
concentration is a problem, then the collector has to be changed, either continuously 
or discretely, so as to allow for the charge collected not exceeding a certain 
concentration. Or altematively, the matter has to be arranged so that a radiated 
orderon is captured on another nucleus, thereby order-ionizing it, so that the total 
amount of order charge in the collector is conserved, or at least the leakage is 
minimized. 

If the source is producing alpha particles or some other form of particulate .1 
matter, then those particles or nuclear fragments, could be trapped by a collector, 
either on a plate, or in a bottle, or concentrated in a bottle via a pump, such as a 
vacuum pump. If necessary they could be electrically neutralized, i.e. alpha particles 
could receive electrons and become helium atoms. If the particles are collected on a 
plate, this could be in the form of a moving strip, which would prevent the build-up of 
too much order charge. The strip could move to a place where it was processed to 
remove the order-charged matter, for example by heating, the order charge could be 
collected and the strip retumed to collect more order charge from the separator, all as 
a continuous process. 

It may be necessary for there to be interfaces between the source and separator 
and/or separator and collector. The first we call the input interface, and the latter we 
call the output interface. The input interface, if necessary, is designed to bring as 
many of the source order-charged matter into the separator, at the right energies, at the 
right angles, at the right state of ionization, and so on, as is possible for that separator. 
The output interface is designed to guide the maximum output into the collector, 
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and/or maximize the purity being collected, and/or some other design consideration. 
The output interface may or may not have a decelerator, and/or a defocuser, and/or a 
stopper. In some cases these interfaces may just be simple mechanical connections. 

An output system would deliver the order charge more directly to where it was 
to be used. This could take the form of a beam of order charge, or some system of 
applying order charge to materials, or some system of supplying order charge to other 
apparatus where it may or may not be collected, used or otherwise processed or some 
combination of these. If order charge is to be applied to materials, this could be done 
directly inside the vacuum of the system, where the order charge may or may not be 
controlled, positioned, focused and so on by suitable slits, optics, accelerations and/or 
decelerations. 

Alternatively the order charge could be conducted out of the vacuum system 
of the apparatus and applied to materials external to the system. One way to do this 
would be to make a beam of order charge, which could be used for other purposes too. 
For example, a very thin window would allow order charge to pass out of the vacuum 
system, especially if the order charge was first accelerated to sufficient energy or 
already had sufficient energy to traverse the thin window. Once an external beam had ^ : 
been produced, it could be further manipulated with slits, optics, focusing and/or 
bending devices, other accelerating or decelerating devices, and/or other equipment, 
so that the beam can be given the required properties and directed to the appropriate 
place or places in a suitable or desired way. 

Such output systems could supply order charge in a continuous or intermittent 
way, and could be used instead of a collector, or alternatively with a collector, or in - 
parallel with a collector. 

It is now possible to give several examples of the invention, now that the 
various pieces of the order-charge separation system have been presented; 

I. The first example is as shown in figure 2. In this example, the source 
consists of heavy nuclei emitting alpha particles. This could be as a radioactive 
source, or it could be from a nuclear reactor. In the former case, the alpha particles 
will already be ionized, but in the latter case they may take the form of helium atoms 
and so have to be ionized. Helium atoms are not easily ionized and a plasma ion 
source or similarly powerful ionizing source would be required. 

Alpha particles from a radioactive source typically have energies of millions 
of electron volts, and fragments from a heavy ion accelerator could be even more 
energetic. Mass spectrometers can be built to work at these energies, but large 
magnets are required. Mass spectrometers which are designed to work at lower 
energies can be just as precise and efficient, if not more so and usually cost less. 
Therefore, if there was a way to slow the alphas, or nuclear fragments, before putting 
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them into the mass spectrometer, then this could be both cheaper and simpler. 
However, high voltage deceleration technology would be expensive and it would tend 
to produce an expansion of phase space, which would require (stochastic) cooling to 
get the flux up. One solution is to use the finite range to slow the alpha particles (or 
fragments but it will work best with mono-energetic alphas from a particular source) 
and pass them through a precisely designed foil or metal plate specially shaped 
around the radioactive source, so that the alphas are almost stopped but emerge 
moving very slowly on the other side. A suitable high voltage accelerating and 
focusing field would then draw more of these alphas back into the mass spectrometer 
at the right energies. However, there will still be some spread in angles and kinetic 
energy, so that the mass spectrometer might have to be especially designed to handle 
the increased phase space. For this reason alternative types of spectrometer are 
considered below. 

Electrically ionized alpha particles are then passed into a mass spectrometer, 
usually through a slit or system of slits, and often with suitable optics for guiding and 
focusing the flux. If the energies are thermal, or low, then they will have to be 
accelerated into the mass spectrometer. This could be done electrically as shown in 
Figure 4. The mass spectrometer has specially shaped electric and magnetic fields 
which guide the alpha particles along suitable trajectories, and separate them 
according to their mass. Usually the system is designed to focus the image of the inlet 
slit onto an outlet slit. In this case, the mass of the alpha particles which traverse the 
system can be selected by adjusting the position of the exit slit with respect to the 
image of the input slit. By adjusting the slit to allow order-charged alpha particles to 
be transmitted by the system, and order-neutral alphas to be blocked, it is possible to 
separate order-charged alpha particles from the order-neutral ones. The alpha 
particles are then passed through the output interface, if required, and stopped, and/or 
collected, and/or otherwise delivered to the output system. For example they can be 
stopped on a plate which also can neutralize them, and which may or may not be 
heated so as to boil them off into a vacuum pump which pumps the order-charged 
helium atoms into a suitable bottle to contain them. 

There are two problems with this example conceming the source of the alpha 
particles and the resolution. If the alphas are slowed in a foil, then, depending on its 
thickness, they are either thermalized or still have higher kinetic energy. For 
example, the range of the 5.486 MeV alphas from Americium-241 is 22 microns of 
aluminium. A foil thicker than this will thermalize the alphas, a foil thinner than this 
will allow them to pass through with some residual kinetic energy. If the foil is thick 
enough to thermalize them, then they will have picked up atomic electrons and will 
have to be re-ionized by a plasma ion source or similar, because helium is difficult to 
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ionize. If the foil is thinner so that they escape in flight, then they will have a spread 
(possibly wide) in both angles and kinetic energies, which will result in reduced mass 
resolution for the spectrometer. Such a device measures the magnetic rigidity, which 
depends upon both the mass and the velocity, so that different mass and energy 
regions can overlap, thereby reducing the resolution. 

The mass resolution actually required depends upon the mass difference 
between the mass of the normal alphas (as) and the mass of the order-charged alphas- 
primes (a's), the relative fluxes of as and a's, and upon the various backgrounds. If 
the spectrometer is sensitive to charge over mass (q/m) and one is working with singly 
charged alphas, then there are potentially two common backgrounds. The masses are: 

delta MeV 

-.00065 -2.4 
-.00097 -3.6 

Thus there are two backgrounds on the low-mass side of the main (order-neutral) 
alpha peak. (There may be others depending upon the impurities in the vacuum.) 
There are several factors which determine the mass-resolution required for this 
system. Two of these are the mass of the order-charged alpha particle and the ratio of r 
numbers of a' to a. If the mass of the a' is less than the mass of the alpha, then it can 
also be confused with these two backgrounds and higher resolution is required, than if 
its mass is greater than. If the a* mass is greater than the mass of the order-neutral 
alpha, then one does not need so much resolution to distinguish it from the 
backgrounds, but one still needs enough resolution to separate it from the tail of the 
main alpha peak. The ability to make this separation depends upon the difference in 
mass between the two types of alpha particle, and the relative numbers of as and a's. 
If the relative flux of the latter is too low, then the few genuine events could be lost in 
the background tail of the main peak or other backgrounds. Higher resolution can 
help to resolve these problems. 

Thus the first example given here would work provided that the various 
circumstances did not conspire to require a higher resolution and/or background 
rejection than can be provided by the combined effects of the source, the decelerating 
system, the input slits and optics, and the mass spectrometer. If however, higher 
resolution is required, then it would be necessary to go to some higher resolution kind 
of system. 

II. One of the highest resolution systems is the Penning trap. The mass 
measurement of an ion in a Penning trap is made by determining its cyclotron 
frequency in a precision magnetic field. Resolving powers of one million or more can 
be achieved. 



Ion Mass A/q 

4 + 

He 4.00207 4.00207 

C 11.99840 3.99947 

15.992787 3.99820 



16 



FHW-058US 



A typical system would consist of an alpha source (e.g. radioactive source or 
nuclear reactor with suitable plasma ionization, or heavy ion fragmentation source), 
with suitable degrader or thermalizer where required (e.g. a thin foil of suitable 
thickness for a given alpha source, or the degradation can take place in the radioactive 
source if it has a finite thickness. This can be fine-tuned by the simple method of 
rotating the alpha source, and/or foil if there is one, so that only alphas that have 
traversed some of the material of the source and/or foil could enter the spectrometer), 
plus an ion beam buncher and cooler, the Penning mass spectrometer, and some kind 
of detector and/or collecting system. The ion buncher and cooler could also be of the 
Penning trap type. It could cool the alpha particles by collisions with a buffer gas. 
However, there could be problems with the alphas picking up electrons and becoming 
neutral helium, since helium binds electrons very strongly, so that they could then not 
be trapped. One solution to this is to use an ionized buffer gas, but this could 
introduce other backgrounds. Or one could use another inert gas. The alphas are 
cooled and trapped in the first trap, and then sent by special optics to the second trap, 
where the mass measurement is made. 

There are a number of potential problems with such a system: 

a. Such a Penning trap has many parameters, typically about 100 to 200 
or more, which have to be optimized. As a result such a precise instrument would 
take weeks to set up initially. Once set up, however, it might well run reliably, and so 
these set-up difficulties might be acceptable. 

b. The trap measures the average mass of a number of alphas, so that if 
one has one a' with 9 order-neutral alphas in a bunch, then one would see the mass- 
shift as a significant proportion of the total mass difference. However, if there were 
more alphas in a bunch, say one thousand, then the shift in mass for one a* to 999 as 
would be correspondingly smaller, and it might not be possible to detect the 
occasional a' at all easily. This would tend to reduce the useful bunch size. 

c. Typically, the mass is determined in one of two ways. If there are 
enough ions in the trap, one can determine the cyclotron frequency from that of the 
image charge. However, if there are fewer ions, then one has to eject them and 
determine the frequency with some kind of time-of-flight system or other detector. In 
the former case, it might be difficult to detect the odd a' amongst thousands of normal 
alphas, as in point (b) above, and in the latter case, one might be able to detect the 
occasional a', but there would still be problems actually separating that a* from the 
other more normal alphas because all the ions first have to go to the detector to 
determine whether or not such an a' is in the present bunch. Only after the bunch has 
arrived at the detector could the decision be taken to try to separate that bunch, which 
would normally be too late. There would then still be the problem of separating the a* 
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from the others in the bunch. Small bunch sizes would also mean a small flux 
through the system. Of course, the system might be operated on individual alphas and 
a*s, but then the flux would be very low. 

d. In fact, whilst such a device might be used quite successfully to 
determine the mass of the a', there would be problems separating the a's from the 
normal alphas, because their trajectories are approximately the same since they are all 
in the same bunch. If there was some way of detecting the presence of an a', then it 
might be possible to eject that bunch along a different trajectory, no doubt more easily 
in the image current detection method, but then one would not have pure a's, but a 
mixture of order-charged and order-neutral alphas. If one was to feed the alphas 
through a chain of such and/or other separators, one might be able to produce a 
reasonably pure sample of order-charged alphas, but it seems unlikely that such a 
system would be particularly satisfactory from a number of points of view including 
cost, efficiency and ease of setting-up and operation. 

III. What one needs is a type of spectrometer in which the separation takes 
place more cleanly. One possibility might be a time-of- flight spectrometer. If one 
has a monochromatic source of alphas, such as americium-241 , and the alphas are > 
guided through the vacuum system of the spectrometer (without degrading their 
energy, as with a foil), then one still has to allow for background alphas from the 
source which do not have the same energy as the main peak. One way to do this is 
with a combination of magnetic spectrometer and time-of-flight. But time-of-flight 
requires start and stop signals. X-rays from the source might provide the start signal, 
but this would be an unusual technology and it is not clear how precise the time 
resolution would be. Furthermore, the stop signal would also come from a detector in 
the vacuum system which would absorb the alpha. This might be good enough to 
measure the mass of the a', but it would require some ingenuity to separate order- 
charged from order-neutral alphas and to collect them. Some of these problems could 
be eliminated by accelerating the alphas to several GeV and using the techniques of 
high energy physics. 

IV. So what one needs is a high resolution spectrometer, which may have 
two separate separation processes, which causes the order-charged alphas to be 
physically separated from the order-neutral alphas, in such a way that they can be 
directed towards a suitable collection device. In this way, despite the different 
incident angles and energies of the alphas, the order-charged mass state can be cleanly 
separated from the normal mass-state and from any backgrounds present in the 
system, and then directed to a collector where the order-charged alphas can be 
collected for later removal from the system and storage, or whatever use is required. 
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One such spectrometer which allows for such precise separation is the Smith 
spectrometer. The Smith-type mass-spectrometer makes use of a combined system of 
magnetic fields, slits, other optics, and a radio-frequency system, to separate different 
mass and energy states. 1 The system can be designed and timed to operate over a 
range of masses and of mass-resolutions up to a resolution of lO^ or more. 

Figure 3 shows the principle of operation of a Smith-type spectrometer. The 
beam of ionized alphas is injected into the system through a system of suitable 
deceleration, acceleration, optics and slits. Once inside the spectrometer, the beam of 
alphas orbits with a radius of R=SQRT(2mT)/qB, where m is the mass of the ion, q its 
charge, T its kinetic energy and B the magnetic field in the spectrometer. Thus 
different mass and kinetic energy states can have the same radius of orbit. These can 
be further separated by means of their cyclotron frequency. 

The cyclotron frequency of such a particle is given by fc=qB/m. If there are 
two particles 1 and 2 with masses mj and m2, then they are linked by the relationship: 
mif] = m2f2. An RF signal is applied to the RF modulator in such a way that the 
beam is accelerated by a certain amount on the first crossing, and decelerated by an 
equal amount on the second crossing, so that the net energy gain is zero. One thus has^ 
two mass resolution effects, one which depends upon kinetic energy and the other 
which does not. This enables one to determine the mass independent of the spread of " 
kinetic energy and angles at the input. Typically the RF frequency is run at f = (n + 
1/2) X fc where n is an integer, and the resolving power is given by 27m(dn/w) where 
w is the common width of the inlet, modulator and exit slits, and dj^ is the modulation \ 
amplitude of the diameter. If the RF fi-equency is scanned, one gets peaks 
corresponding to the different mass states. 

The beauty of such a device is that it can be designed to optimize the 
separation of order-charged alphas fi*om order-neutral and/or other back-grounds, 
despite a spread in input angles and kinetic energies, to optimize the transmission of 
the system so as to trap a' efficiently, and it runs in a continuous mode, so that one 
can pass a steady stream of alphas and a's into the system, and separate out cleanly a 
beam of a's which can be guided to a suitable collector. 

The Smith spectrometer can of course be used v^th other types of matter, other 
than alphas, in order to separate order-charged states from order-neutral states. 

A Smith-type spectrometer can be designed to be used with different types of 
source, such as an alpha source, a heavy-ion accelerator source of alphas of other 
types of matter and/or nuclear fragments, a reactor, or other alpha or helium source, or 
even commercially available helium gas, or other sources of order-carrying matter. 
The source is likely to be chosen for reasons of cost. Typically one would want the 

^ L.G. Smith, Phys. Rev. C 4, 22-31 (1971), and references therein. 



19 



FHW-058US 



highest flux of order-charged matter through the system for the least cost. If a 
radioactive alpha source is used, then one is likely to have to have a foil to slow the 
alphas down, or to turn the source at an angle so that the alphas are degraded in the 
material of the source. Or one could thermalize the alphas, but then they would have 
to be re-ionized by a suitable plasma or other ion source. Alphas from a heavy-ion 
source, from a reactor or from another source or helium gas source would have to be 
first ionized by a suitable plasma or other ion source. Other states of matter from a 
heavy-ion source would require to be ionized if previously they had been thermalized. 

It is straightforward to connect a plasma ion source and feed helium gas into 
the system. Other sources of order-charged matter such as heavy ion sources, nuclear 
fragments, or other source of order-charged matter or radiation of any kind could be 
used. If the system is to be used with several input sources, then it would be 
convenient to have a switch-yard to facilitate change from one source to another. 

These slowed-down ionized alphas or other states of matter would then be 
focused and accelerated into the Smith-type spectrometer using suitable combinations 
of acceleration technology (high voltages) slits and focusing devices. All would have 
to be in a vacuum because alphas or other states of matter have such a short range. " 
Once a beam of order-carrying states had been formed, it would be guided into the 
Smith spectrometer, where the mass separation processes could be adjusted to 
separate out order-charged mass states, as already explained, so that they could be 
guided to a suitable deceleration and/or collection system, or alternatively used as a 
source of order-charged matter which could be applied to materials within the vacuum 
system, and/or turned into a beam of order-charged matter, and/or passed into further 
stages of acceleration, and/or passed through a thin v^ndow so as to form an external 
source and/or beam, and or used in a treatment plant and/or directly as a source of 
order charge. 

We refer to these examples (I to IV), which separate order-charge from order- 
neutral states, (but without further separation of the order-charge states, e.g. because 
they do not deploy order-charge in the active separator) as "type-0 spectrometers" or 
"type-0 separators". 

A Smith-type spectrometer or another other type of spectrometer or separator 
used in order-charge separators, are normally designed to achieve a given mass 
resolution. When one is used as of an order-charge separation system, then the purity 
of the separated sample, and the flux through the system are more important 
considerations, although they may depend upon the mass resolution, possibly in 
conflicting ways. One solution to this would be to design the system with variable 
resolution and/or other variable parameters, so that it can be run in different modes, 
for example to maximise purity or to maximize the yield, or some combination of 
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these and/or other factors. One way to do this would be with variable slits. If the 
various slits and/or apertures in the system are driven by electric motors or other 
means, then they could be adjusted to provide the performance or mode required. 

V. Once order charge has been separated, it becomes possible to build an 
order-charge spectrometer which uses previously-separated order charge, or an order 
field, to separate order-charge from other matter, and fiirther separate order-charge 
types. Figure 5 shows a schematic of an order-charge spectrometer, or secondary 
spectrometer, as we call it. (Different forms of this are referred to below as "type-1 
spectrometers", "type-2/3 spectrometers", and "pure type-n spectrometers" where n - 
1, 2, or 3.) In this order-charge spectrometer, a suitably-shaped amount of order 
charge is used to deflect order-charged states, from order neutral states. Order-neutral 
states do not sense the field, unless it is via short-range order van der Waals forces, 
and so passes (almost) straight through the apparatus. On the other hand, order- 
charged states sense the field of the order charge and are deflected. These deflected 
states can then be separated from the order-neutral states by systems of slits and/or 
barriers, or other separators, and then collected, stored, or otherwise used in 
subsequent stages and/or elsewhere. Note that the range of the order force is only 
known to extend to microns, at present. If the range of this force is found to be long- 
range, i.e. extending to infinity, then one could design a large scale separating device. 
However, if the range is limited in some way, then some small-scale precision 
engineering would be required. 

There are two types of deflection in the order-charge field: like charges are 
repulsed, and different charges are attracted. There are three different types of order 
charge, which we can call type-1, type-2 and type-3 for convenience. (Red, green and 
blue are altemative names for these three charges.) If one type is repulsed, then the 
other two types will be attracted, and so the repulsed charges will always be purer 
than the attracted charges. This then provides a mechanism for separating order- 
charge states into their subsequent three charge states. 

Firstly one has to separate some order charge with a primary spectrometer. 
One can then use this separated charge to construct a secondary spectrometer. The 
distribution of charge types (type-1, -2 or -3; red, green or blue) of the three charge 
states, will probably be random, and will therefore be roughly equal amounts of each 
different charge-type. However, it is unlikely that there will be exacfly equal amounts 
of charge, and there will always tend to be one charge-type which predominates. This 
is especially true for small order-charge samples. Thus, one can separate the same 
charge state by using the repulsed order-charge, and one can concentrate it with a 
cascade of order-charge spectrometers. Alternatively, it can be concentrated by 
collecting the repulsed state, and then using that to make the next order-charge pole. 
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which can then be put back into the original order-charge spectrometer, or used as the 
pole of the second order-charge spectrometer. Alternatively, one can repeatedly pass 
it through one spectrometer, taking the repulsed fraction each time, to purify it. 
Charge that is progressively repulsed by a chain of such spectrometers, or by repeated 
separation, will become progressively purer in that one charge state. 

Likewise, the attracted states v^all become repeatedly pure in the other two 
charges. One can then make a tertiary spectrometer using these other two charges as 
the spectrometer pole, and then repeatedly passing the two charge states (i.e. attracted 
from the secondary spectrometers) through and collecting the repulsed state. 
Repeatedly doing this, either through the same spectrometer, or through a cascade of 
spectrometers, or by using the output to create the pole of the next specfrometer, and 
so on (e.g. in a similar way used to separate type-1 charge), will further enhance the 
separation of the remaining two charges. 

VI. Once these three charge states have been separated, then it would start 
to become possible to set up a complete system to separate the three charge states. 
That is to say, there is a sequence of step which has to be followed: firstly, one 
separates and concentrates order-charge states from order-neutral states. Then one 
uses the separated charges, especially fluctuations in the same, to separate the 
individual charge states. Once pure samples of the individual charges states have 
been separated, then it would be possible to set up a production system to separate 
each of the three charge states. 

Figure 6 shows an example of a complete order-charge separation system right 
down to the individual charges. (The same comments about the dimensions of figure * 
5 apply here.) It requires the pre-existent separation of two order charges (say type 1 
and type 2) and their fabrication into the active elements of two pure-order-charge 
spectrometers in tandem (in the figure these are pure type-1 and pure type-2 
specfrometers, although any permutation of the charge types is possible). Then the 
first spectrometer (type 1) will repulse type 1 charge and separate it, whilst order- 
neutral states will pass right through. Subsequently, the second spectrometer (type 2) 
repulses type-2 charges and separates them from type-3. A subsequent (third) type-3 
separator can be used to effectuate further purification of the type-3 charge. If the 
three final charge states are not pure enough, then a cascade of such devices will 
produce purer charge, or it can be recycled for further purification. 

VII. What one sees is that as the technology is worked with and as order 
charge is separated in ever purer samples, it becomes possible to design more precise 
and effective separation systems. The first level of this invention involves the 
separation of raw order charge (or mixed charge-types); the second in splitting this 
charge into ever purer samples of the three charge types; at which point it becomes 
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much easier to separate order-charge and non-order-charge states and to split the three 
order-charge types directly. 
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